Background/Aims: The placenta has been suggested to play a crucial role in the pathology of gestational diabetes mellitus (GDM). Placenta-specific microRNAs (miRNAs) and the corresponding targeting genes involved in the pathology of GDM still remain to be elucidated. We aimed to identify the dysregulated miRNAs and the corresponding mRNA targets through an integrated miRNA and mRNA transcriptomic profiles analysis and investigate the role of differentially expressed miR-138-5p/TBL1X in GDM. Methods: RNA sequencing (RNA-seq) was performed in 16 placentas from GDM and control group. Differentially expressed mRNAs and miRNAs in GDM were validated by quantitative PCR (qPCR). The wound healing assay and transwell migration assay were used to analyze cell migration ability. The cell proliferation was determined by CCK8 assay. Luciferase assay was used to confirm the direct binding of the targeted TBL1X with miR-138-5p. Results: Totally, 281 mRNAs and 32 miRNAs were found to be differentially expressed in the GDM placentas. The biological relationships of the miRNA/mRNA pairs were related to cellular development and function and organ morphology. Among the aberrantly expressed molecules, we selected miR-138-5p from the bioinformatics analysis and found that miR-138-5p significantly inhibited the migration and proliferation of trophoblasts (HTR-8/SVneo) by targeting the 3'-UTR of TBL1X. Furthermore, the aberrant expression of miR-138-5p and TBL1X was significantly correlated with the weight 
Introduction
Gestational diabetes mellitus (GDM) is defined as hyperglycemia with onset or first recognition during pregnancy [1] . Due to ethnic differences and various diagnostic criteria, the prevalence of GDM varies from 5% to 20% [2] . GDM is one of the most common metabolic complications of pregnancy and shows significant influence on both mother and offspring, including increased birth weight, caesarean section, neonatal hypoglycemia and later diabetes [3] . GDM also increases the risk of long-term complications in the offspring, such as metabolic and cardiovascular diseases [4, 5] . Intrauterine hyperglycemia, as a major characteristic of GDM, affects imprinted gene expression by regulating epigenetic modification in germ cells, which increases the risk of diabetes in offspring [6] .
Recent studies have indicated that the normal placental function is involved in the pathology of GDM since GDM-associated hyperglycemia can be resolved after placental delivery [7, 8] , [9] . The placenta secretes a series of steroids, hormones and cytokines that are required for normal pregnancy [10, 11] . The placental size and weight in GDM pregnancies are significantly higher than those in normal pregnancies and the elevation is thought to lead to adverse neonatal outcomes, including macrosomia [12] . It was also reported that the increased placental size gives rise to the increased concentrations of human placental lactogen (hPL), estradiol and progesterone in the maternal circulation [13, 14] . These hormones secreted by the placenta show the insulin resistance, thus dramatically inducing the occurrence of GDM [15] . Aires et al. suggested that the diabetic placenta was usually accompanied by abnormal trophoblast proliferation, apoptosis and cell cycle control [16] . However, the underlying molecular mechanism contributing to heavy placental weight remains unclear.
The functional placenta is controlled by both protein-coding genes and non-coding regions, including microRNAs (miRNAs) [17] . miRNAs are small non-coding single stranded RNAs that regulate the expression of approximately 30% of all genes in animals through translational repression or mRNA degradation [18] . Previous studies on trophoblasts have suggested that miRNAs are involved in proliferative, migratory and invasive processes [19] . Many differentially expressed miRNAs have been identified based on hybridization, qPCR, and sequencing analysis in the GDM placenta or serum [20, 21] . Recently, Bari et al. performed specific mRNA sequencing with trophoblast isolated from the GDM placenta and indicated that placental trophoblasts of GDM were biologically different from those in the control group at the gene expression level [22] . Li et al. compared the miRNA expression profiles of the GDM placenta with those of the control group by microarray analysis and identified 9 deregulated miRNAs [20] . However, the aforementioned studies were focused on a single analysis of the mRNA or miRNA expression profiling. The integrated analysis of mRNA and miRNA expression in the GDM placenta, to our knowledge, has not been reported.
In this study, we present an integrative analysis of the gene expression profiles of both mRNAs and miRNAs in 16 placental tissues, including those from 8 patients with GDM and 8 controls. Our data indicated that the GDM placenta was significantly different from that of the control at both the miRNA and mRNA levels. The differentially expressed genes were significantly associated with cellular growth, proliferation and migration, suggesting the association of placental overgrowth with GDM. Moreover, we have clarified that the roles of miR-138-5p and its target gene transducin β-like protein 1 (TBL1X) in trophoblasts. 
Materials and Methods

Samples
All placenta samples were collected from the Department of Obstetrics and Gynecology of the International Peace Maternity & Child Health Hospital (IPMCH), in the School of Medicine in Shanghai Jiao Tong University. Twenty-six normal pregnant women (control group) and 28 GDM pregnant patients (GDM group) after C-section in the third trimester of gestation were included. GDM was diagnosed by the criteria suggested by the International Association of the Diabetes and Pregnancy Study Groups (IADPSG): fasting plasma glucose (PG) ≥ 5.1 mmol/L and/or 1-hour PG ≥10.0 mmol/L and/or 2-hour PG ≥ 8.5 mmol/L. Women with in vitro fertilization (IVF), maternal diabetes history, twins (multiple) pregnancy, preeclampsia, or other pregnancy complications were excluded. All samples were dissected into fragments with the size of ~1 cm 3 and washed with phosphate buffered saline (PBS) immediately after elective caesarean delivery. The tissues were stored in RNAlater (Thermo Fisher Scientific, Waltham, MA, USA) at -80 °C. This study was approved by the Ethics Committee of the IPMCH. Written informed consents were obtained from all the participants.
RNA sequencing and data analysis
Total RNA was extracted from the placental tissues with the Ambion mirVana™PARIS™Kit (Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer's instructions. The RNA sequencing (RNA-seq) library preparation has been described in detail [23] . Briefly, the Illumina TruSeq RNA Library Prep Kit (Illumina, San Diego, CA, USA) and TruSeq Small RNA Library Prep Kit (Illumina, San Diego, CA, USA) were used for the preparation of mRNA-seq and miRNA-seq libraries, respectively. All the libraries were analyzed to verify the quality and concentration with an Agilent Bioanalyzer (Agilent, Palo Alto, CA, USA). mRNA sequencing was performed on the Illumina Hiseq 2500 sequencing system (Illumina, San Diego, CA, USA) and 150-bp paired-end FASTQ read files were generated. The raw mRNA-seq data were trimmed using Trimmomatic v.0.33 [24] . Clean reads were aligned with the UCSC Homo sapiens reference genome (build hg19) using TopHat v.2.1.0 [25] followed by transcript assembly and differential transcript expression analysis with Cufflinks v.2.2.1. miRNA sequencing was performed on the Illumina HiSeq 2500 sequencing system and 50-bp single-end FASTQ reads files were generated. The raw miRNA sequencing data were trimmed with Cutadapt [26] . Clean reads were aligned with the UCSC Homo sapiens reference genome (build hg19) using the Burrows-Wheeler Aligner (BWA; v.0.7.12) [27] . The known conserved miRNAs were identified by searching miRBase (Release 21) in Homo sapiens [28] . The mapped read counts were compared in the R package DESeq for differential expression analysis [29] . mRNAs/miRNAs with absolute value fold change ≥2 and P< 0.05 were marked as significant.
Functional analysis and paired miRNA-mRNA analysis
The Ingenuity Pathway Analysis (IPA) (Qiagen, Valencia, CA, USA) was used to identify the top biological functions and canonical pathways associated with the differentially expressed mRNAs and miRNAs datasets, as described previously [30] . The Fisher's exact test was used to determine the probability that each biological function or canonical pathway assigned to the dataset is explained by chance alone. The molecular interaction networks were algorithmically generated based on the molecules' connectivity. The network scores are calculated using Fisher's exact test and are equal to the -log 10 (P-value). The downstream effects analysis was performed to predict downstream biological processes and infer their activation states based on the observed gene expression changes in the dataset. A z-score was calculated and used to infer the activation states (increased or decreased) of implicated biological processes [31] . The prioritization of predicted and/or experimentally validated miRNA-mRNA target pairs was performed with the IPA miRNA target filter tool based on the expression direction and information from the Ingenuity Knowledge Base.
Validation of mRNA and miRNA by qPCR
Total RNA isolated from placenta was reversely transcribed with the PrimeScript TM II 1st Strand cDNA Synthesis Kit (Takara Bio, Dalian, China) and random primers. The quantification of mRNAs was performed with the SYBR Green Kit (Takara Bio, Dalian, China) in the Applied Biosystems QuanStudio qPCR Starter Kit (Ribobio, Guangzhou, China). U6 was used to normalize the miRNA qPCR data. The qPCR data were analyzed using the 2 -ΔΔCt method normalized to ACTB or U6. The qPCR primers are listed in Table  S1 (For all supplemental material see www.karger.com/10.1159/000495319/).
Cell culture and transfection
The HTR-8/SVneo cells (HTR-8, human invasive EVTs) were a generous gift from Dr. P.K. Lala (University of Western Ontario, London, Ontario, Canada). The cells were cultured in Dulbecco's modified Eagle's medium (DMEM)/F12 supplemented with 10% fetal bovine serum (FBS) (Gibco, Grand Island, NY, USA) containing 1% antibiotics. The miR-138-5p mimic and the corresponding negative control were synthesized (Ribobio, Guangzhou, China) to investigate the effect of miR-138-5p overexpression. The miR-138-5p inhibitor and corresponding negative control were synthesized (Ribobio, Guangzhou, China) to investigate the effect of miR-138-5p inhibition. miR-138-5p mimic and miR-138-5p inhibitor were transfected into HTR-8 cells with the HiPerFect Transfection Reagent (Qiagen, Valencia, CA, USA) at a final concentration of 100 nM. To investigate the roles of TBL1X in promoting migration and proliferation of trophoblasts targeted by miR-138-5p, we cotransfected HTR-8 cells with 100 nM miR-138-5p inhibitor and 50 nM TBL1X siRNA (Ribobio, Guangzhou, China) to perform a rescue experiment.
Wound healing assay
The HTR-8 cells were transfected with miR-138-5p mimic, miR-138-5p inhibitor and TBL1X siRNA. When the cells reached 90% confluence after 24 h, scratches were made with a pipette tip. To reduce the impact of cell proliferation, the cells were cultured in DMEM/F12 without FBS. After washing the cells three times with PBS, the width of the scratches was imaged and measured.
Transwell migration assay
After transfecting the HTR-8 cells with miR-138-5p mimic, miR-138-5p inhibitor and TBL1X siRNA for 24 h, we transferred 10 5 cells in 150 μL of non-serum DMEM/F12 to the upper compartment of the Transwell compartments (Costar, Cambridge, MA, USA). Then, 0.6 mL of DMEM/F12 with 10%FBS were added to the lower compartment. We incubated the cells in the transwell plates at 37 °C under CO 2 for 24 h. The crystal violet-stained cells were counted under an inverted microscope.
Cell proliferation assay
The HTR-8 cells were transfected with miR-138-5p mimics or inhibitors for 24 h. Then, cell proliferation was detected with cell counting kit-8 (CCK8, Dojindo, Japan) according to the manufacturer's instructions. Briefly, 4, 000 cells per well were seeded into 96-well plates with complete culture medium. After transfection for 12, 24, 48 and 72 h, 10 μL of the CCK8 reagent were added into the testing well and incubated for 2 h. The absorbance was measured at a wavelength of 450 nm.
Plasmid construction and luciferase assays
For the wild-type construct, the whole length of human TBL1X 3'UTR was amplified with the following primers: forward, 5'-AAGCGATCGCGGGTTGCAGCTCTATTCTC -3' and reverse, 5'-AATGCGGCCGCTGGCTTCTTCGGTTCTTTT-3'. For the mutated construct, the mutant 3'UTR sequences without the miR-138-5p binding site were amplified with the following mutation primers: forward, 5'-GAGGAAGTGTGGTCGTCGAGGCGTGTGGATTGG-3' and reverse, 5'-CGCCTCGACGACCACCTTCCTCCTTCCCAGGC-3'. The PCR products were cloned into the downstream of the Renilla luciferase ORF in the psiCHECK-2 vector (Promega, Madison, WI, USA) at the SgfI and NotI restriction sites.
A dual luciferase reporter assay was carried out to detect the direct interactions between miR-138-5p and TBL1X. Approximately, 8000 HTR-8 cells per well were seeded into 96-well plates. In each well, we cotransfected 200 ng of wild-type or mutant 3'UTR reporter, with miR-138-5p mimic or the corresponding negative control at a final concentration of 50 nM. The cell lysates were harvested in 24 h after the transfection and the luciferase activity was measured using a luciferase assay kit (Promega, Madison, WI, USA). The Renilla luciferase activity was measured with firefly luciferase as the internal control. Western blot analysis Total protein from the placental tissues and HTR-8 cells was prepared in lysis buffer with proteinase inhibitors (Roche, Penzberg, Germany). A Pierce BCA protein assay kit (Pierce Biotechnology, Waltham, MA, USA) was used to calculate the protein concentrations. Equal amounts of protein samples were resolved in 10% SDS-PAGE and transferred to polyvinylidene difluoride (PVDF) membranes (Bio-Rad Laboratories, Richmond, CA, USA). The membranes were separately incubated with the primary antibodies against TBL1X (Sigma, USA, 1:500) and β-actin (Proteintech, Wuhan, China, 1:10000) overnight at 4°C, followed by horseradish peroxidase (HRP) conjugated secondary antibody (Cell Signaling Technology, Boston, USA, 1:5000) for 1 h. The signal intensity was quantitatively assessed with a standard protocol for electrochemiluminescence (New Cell & Molecular Biotech Co, Jiangsu, China) and was normalized to β-actin.
Statistical analysis
The Statistical analysis was performed in GraphPad Prism version 6.0 (GraphPad, La Jolla, CA, USA). A 2-tailed t-test was performed between the two groups. The comparison among multiple groups was carried out by a one-way ANOVA followed by the Tukey's multiple comparison test. The correlation was calculated with the Spearman's rank correlation test. The results are presented as the mean ± S.E.M. or mean ± S.D. The hierarchical cluster analysis clustered the expressions of differentially expressed mRNAs and miRNAs based on the Euclidean distance and the complete-linkage clustering algorithm. The right-tailed Fisher's exact test was performed according to the IPA to calculate a P-value and identify statistically significant pathways and networks associated with the proteins identified in the study. The IPA z-score algorithm was used to predict the activation state for a given biological function. A z-score ≥ 2 means a significantly increased function, whereas a z-score ≤ 2 indicates that a function is significantly decreased. For all the analyses, a threshold of P<0.05 was considered to be statistically significant.
Results
Differentially expressed microRNAs and mRNAs in placentas of GDM patients
The transcriptional mRNA and miRNA changes were identified by RNA-seq analysis of 8 placental samples from the GDM group and 8 samples from the control group (Table 1) .
We obtained approximately about 20 million read pairs and detected more than 23, 000 expressed genes in each sample. We further compared the expression profiles of the GDM and control groups. In total, 26255 and 1402 annotated mRNAs and miRNAs were identified, respectively. Among these, 281 mRNAs (P<0.05; absolute value fold change ≥2) and 32 miRNAs (P<0.05; absolute value fold change ≥2) were significantly deregulated (Table S2) . Hierarchical clustering was performed with the datasets of differentially expressed mRNAs and miRNAs. The mRNAs and miRNAs expression patterns of the GDM and control samples were clustered separately after unsupervised clustering (Fig. 1A and 1B) , suggesting a profound effect of GDM on placental mRNA/miRNA expression. 
Ding et al.: Transcriptome Profile of GDM Placenta
The differentially expressed mRNAs and miRNAs in GDM were validated by quantitative PCR (qPCR) based on independent 20 GDM placentas and 18 control placentas (Table  1 ; Fig. 1C and 1D) . Ten mRNAs and 6 miRNAs, which were identified to be differentially expressed in GDM, were selected. Among them, 8 mRNAs and 5 miRNAs were validated by qPCR, including 5 upregulated mRNAs (TBL1X, NOTUM, FRMD4A, SLC16A2 and CLDN19), 1 
Figure 1
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Integrative analysis of the differentially expressed mRNAs and miRNAs identified in GDM placentas
We performed functional analysis with the Ingenuity Pathway Analysis (IPA, Ingenuity® Systems) to elucidate the influences of differentially expressed mRNAs and miRNAs on biological functions. To our knowledge, this is the first time that molecules from miRNA-seq and mRNA-seq were simultaneously combined with annotated functions in GDM studies. The IPA identified the top biological processes (Table S3 ) and canonical pathways (Table  S4 ) enriched among the differentially expressed mRNAs and miRNAs. The downstream effects analysis with two metrics, namely, the z-score and P-value, repeatedly predicted the significant upregulation of "cellular development" and "cellular movement". The increased "proliferation of cells" (z-score=3.32; P=2.56×10 -14 ) and decreased "morbidity or mortality" (z-score=-6.494; P=4.8×10 -10 ) were the most affected subcategories ( Fig. 2A) . To address the functional significance of the differentially expressed miRNAs and putative target mRNAs, paired miRNAs-mRNAs were identified with the IPA based on the miRNA target databases (TargetScan, TarBase, miRecords, and Ingenuity Expert Findings) and expression direction. We detected 91 negatively expressed mRNA targets for 13 miRNAs (Table S5 based on IPA) and then further generated molecular interaction networks based on molecule connectivity and ranked them according to their scores to dissect the biological relationships of the above miRNA-mRNA pairs (Table S6) . As expected, the most enriched network was related to "Cellular Development and Function, Organ Morphology, Organismal Development" (score=77) (Fig. 2A) . This result was consistent with the downstream effects analysis in which the alterations in placental development and morphology were the major phenotypic changes detected in GDM. Notably, miR-138-5p was a central "node" in the network (Fig. 2B) , with the maximum number of nodes, and was negatively co-expressed with its predicted targets (Fig. S1) .
Overexpression of miR-138-5p inhibited the migration and proliferation of HTR-8/SVneo
We then investigated whether miR-138-5p was involved in the migratory and proliferative capacity of trophoblasts. For this purpose, we used a first-trimester human EVT-derived cell line named HTR-8/SVneo (HTR-8). The cells were transfected with miR-138-5p mimic or miR-138-5p inhibitor. The wound healing (Fig. 3A) and transwell migration (Fig. 3B ) assays demonstrated that overexpression of miR-138-5p decreased the migratory ability of HTR-8 cells, whereas the inhibition of miR-138-5p increased the migratory ability of HTR-8 cells compared to the corresponding negative control. To further confirm the role of miR-138-5p in trophoblast proliferation, CCK8 assays were conducted. The results revealed that miR-138-5p overexpression significantly reduced the proliferation of HTR-8 cells, whereas the inhibition of miR-138-5p clearly increased proliferation compared to the corresponding negative control (Fig. 3C) . These results suggested that miR-138-5p is required in the migration and proliferation of human trophoblasts.
TBL1X was validated as a target of miR-138-5p
TBL1X is a putative target gene of miR-138-5p. To further verify TBL1X targeting by miR-138-5p, the dual luciferase assay was carried out in HTR-8 and HEK293T cells. The relative luciferase activity of the wild-type reporter (WT) cotransfected with miR-138-5p mimic was reduced to 68% in HTR-8 and 67% in HEK293T cells (P<0.01, Fig. 4A ). There was no significant change in the luciferase activity in the construct with the mutant TBL1X 3'UTR (Mut). The above results suggested that miR-138-5p could target TBL1X.
We assessed the correlation between miR-138-5P and the TBL1X protein level in HTR-8 cells after transfection with miR-138-5p mimic, miR-138-5p inhibitor or negative control. As predicted, miR-138-5p significantly suppressed TBL1X protein expression compared to Cellular Physiology and Biochemistry the corresponding negative control, whereas the protein levels of TBL1X were up-regulated upon the inhibition of miR-138-5p compared to the corresponding negative control (Fig.  4B) . After verifying the correlation between miR-138-5p and TBL1X expression in HTR8 cells, qPCR and Western blotting were used to evaluate their relationship in placental tissues. The results showed that the mRNA (P<0.01, Fig. 1C ) and protein (P<0.001, Fig. 4C ) levels of TBL1X were significantly up-regulated in GDM placentas. A significant negative correlation between the expression of miR-138-5p and TBL1X mRNA was also detected (ρ=-0.59, P<0.001, Fig. 4D ).
The inhibitory function of miR-138-5p was exerted via the regulation of TBL1X
To investigate whether the down-regulated TBL1X could rescue the promoting effect of miR-138-5p inhibition, we co-transfected miR-138-5p inhibitor together with TBL1X siRNA into HTR-8 cells. The results showed that TBL1X siRNA reduced the ability of miR-138-5p inhibitor to upregulate TBL1X protein expression (Fig. 5A) . After co-transfecting TBL1X siRNA and miR-138-5p inhibitor, the migratory ability of HTR-8 cells was significantly inhibited in the wound healing and transwell migration assays ( Fig. 5C and 5D ). Additionally, the CCK8 assay revealed that the co-transfection of TBL1X siRNA reduced the increased proliferation promoted by the transfection of miR-138-5p inhibitor after 48 h (Fig. 5B) . Taken together, these findings indicated that miR-138-5p could inhibit the migration and proliferation of HTR-8 trophoblasts by targeting TBL1X.
miR-138-5p and TBL1X were correlated with placental weights in pregnant women with GDM Placental weight and the incidence of macrosomia have been reported to increase in GDM [32] . To confirm the macroscopic and histological alterations in the GDM placenta, we analyzed the data of 14, 701 pregnant women recruited from our hospital (from January to December 2016) ( Table 2 ). The results indicated that the weight of the GDM placenta was significantly heavier than that of the normal placenta (625 g vs. 620 g, P<0.001). The incidence of large for gestational age (LGA) was also higher in pregnant women with GDM than in those without GDM (11.57% vs. 8.19%, P<0.001). We then examined whether miR-138-5p or TBL1X expression was associated with placental weight in GDM pregnancy. Our result showed that the expression of miR-138-5p was negatively correlated with placental weight (Fig. 6A) . Decreased miR-138-5p expression in the placenta was significantly correlated to increased placental weight (ρ=-0.51, P <0.01). However, the expression of TBL1X was positively correlated with placental weight (Fig. 6B, ρ=0 .38, P =0.05). 
Figure 6
Discussion
Due to their ability to posttranscriptionally regulate nearly 60% of the genes in human genome, miRNAs are known to influence many biological processes in the pathogenesis and development of human disease [33] , [34] . It is necessary to identify target mRNAs regulated by miRNAs in order to elucidate the exact role of the specific miRNAs. In this study, we performed RNA-seq to investigate the differentially expressed mRNAs and miRNAs in 8 GDM placentas compared with 8 normal placentas and identified the aberrantly expressed miRNA-mRNA pairs in GDM. To our knowledge, this study is the first integrative analysis of miRNA and mRNA expression profiles in GDM placentas.
GDM is a complication of pregnancy with aberrant placental functions. The appropriate proliferation, migration and differentiation of trophoblasts are directly related to hormone secretion, vascularization, and the immunological interface [35, 36] . At the morphological level, previous studies have shown that the placentas are heavier and that the placental/birth weight ratio is higher in GDM (PW/BW ratio) [37, 38] . Our study based on 14701 pregnant women also indicated that the placental weight and PW/BW ratio were significantly increased in GDM. The incidence of LGA was also elevated in GDM (Table 2) . Clinical and experimental data from mouse models indicated that the PW/BW ratio and placental weight were often used as an indicative maker of altered placental nutrient transfer [38] . Furthermore, a high number of villous cytotrophoblasts were found in the GDM placenta at the cellular level [39] . Unek et al. reported that the expression levels of cell proliferation markers, Ki67 and PCNA, were significantly increased in trophoblasts from hyperglycemia placentas compared to the controls [40] . Thus, a large number of proliferative trophoblasts may be associated with morphological changes in the GDM placenta.
What is the underlying cause of the increased placental weight and trophoblast proliferation? A previous study has indicated the remarkable similarities between the proliferative, migratory and invasive properties of trophoblasts and cancer cells [41] . miRNAs have been shown to participate in the carcinogenesis of several types of tumors, and they can impair cellular movement, invasion, growth and proliferation, thus promoting the development of tumors [42] . miRNAs are also expressed in the placenta and have been reported in pregnancy complications including GDM and preeclampsia [21, 43] . Fu et al. identified a series of miRNAs that were involved in dysregulated placental development and function [44] . In our study, the downstream effects analysis among the differentially expressed mRNAs and miRNAs repeatedly predicted the increased proliferation of cells. Furthermore, the biological relationship between the filtered miRNA-mRNA pairs also revealed significant enrichment in "Cellular Development and Function, Organ Morphology, and Organismal Development". Therefore, these results not only identified that cell proliferation was an important phenotypic abnormality differentiated between the GDM and control groups, but also indicated that miRNAs functioned as key regulators in the pathology of GDM. Obviously, miR-138-5p was a core "node" in the miRNA-mRNA network and was negatively co-expressed with its predicted targets. Interestingly, the downregulation of miR-138-5p plays an important role in various cancers. For example, it was reported that miR-138-5p could inhibit BIRC5 translation and suppress the BIRC5-meditated carcinogenesis of bladder cancer [45] . Similarly, miR-138-5p was also downregulated in human colorectal cancer (CRC) and dramatically promoted CRC cell growth and tumorigenesis by targeting PD-L1 [46] . In this study, we also found that miR-138-5p was downregulated in the GDM Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry placenta. To investigate the role of miR-138-5p in the pathology of the GDM placenta, we suppressed miR-138-5p in HTR-8 cells and found that the proliferation and migration of trophoblasts were increased. TBL1X is a potential target of miR-138-5p, as predicted by the IPA's microRNA Target Filter tool. TBL1X functions as an oncogene in the proliferation and tumorigenesis of hepatocellular carcinoma (HCC) cells through activating WNT/β-catenin signaling [47] . The bioinformatics approaches in our study revealed that the miRNA signature identified gene targets involved in the WNT/β-catenin signaling pathway. According to the present literature, WNT/β-catenin signaling is suggestive of its crucial role for physiological process of human placenta. It is involved in the regulation of cell fusion, proliferation, invasion and differentiation [48] . Moreover, WNT/β-catenin signaling has been implicated in the regulation of insulin resistance [49] . In our study, TBL1X mRNA and protein expression were significantly increased in the GDM placenta. Therefore, we inferred that aberrant expression of miR-138-5p contributed to the abnormal growth of the placenta by enhancing the proliferation of trophoblasts by targeting TBL1X.
Conclusion
In summary, this study presents the first integrated analysis of miRNA-mRNA expression in GDM placenta. Moreover, this study is the first to provide evidence for the role of the miR-138-5p in the proliferation and migration of trophoblasts via TBL1X targeting. The findings in this study indicate that the integrated miRNA-mRNA strategy can be used to identify novel mechanisms for GDM. 
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